Introduction 1 2
Ropy slime-producing Lactobacillus sake strains are potent spoilage organisms associated with vacuum-packaged cooked meat products (Korkeala et al., 1988; Mäkelä et al., 1992) . The spoilage is manifested by formation of very unpleasant-looking, slimy glucose-galactose polysaccharide on the product surfaces.
This spoilage type has caused considerable economic hardship for several meat processing plants in Finland.
During the worst years, as many as ten different producers suffered from contamination with ropy slimeproducing 3 4 5 6 7 L. sake strains (Björkroth and Korkeala, 1996) .
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In addition to phenotyping, ropy slime-producing L. sake strains have been characterised using ribotyping (Björkroth and Korkeala, 1996) , randomly amplified polymorphic DNA (RAPD) and 9 SmaI and ApaI macrorestriction analysis (Björkroth et al., 1996) . Based on ribotypes, the strains can be divided into four main groups of which the Group 1 contains the most potent slime producers. Within the Group 1, macrorestriction analysis employing pulsed-field gel electrophoresis (PFGE) has been the only technique distinguishing all non-slime-producing mutants from the slime-producers (Björkroth et al., 1996) . With the help of restriction endonuclease analysis (REA) we have also studied the effectiveness of a commercial biopreservative to prohibit the growth of ropy slime-producing By employing molecular typing techniques, we have gained knowledge of this spoilage form. Also the future studies associated with the growth control and biopreservation will rely on molecular techniques.
Despite the variety of molecular tools used, a rapid and repeatable technique, suitable for cost-efficient characterisation of many isolates has been lacking. PFGE is simply too expensive and slow to be used in large scale analysis. Repetitive element sequence-based PCR (rep-PCR) employs primers that are targeted to highly conserved interspersed repetitive sequences in the bacterial genome (Versalovic et al., 1991) . These sequences are characterised by a length of 20-400 bp, presence throughout the entire genome but rarely within open reading frames and widespread occurrence among bacterial species (Stern et al., 1984; Wenzel and Herrmann, 1988; Hulton et al., 1991; Martin et al., 1992) . Due to the defined primer sequences, high stringency amplification conditions can be applied in rep-PCR as opposed to RAPD analysis which employs 3 short arbitrary primers with low stringency PCR conditions. This study was set out to evaluate the suitability of rep-PCR for strain typing of ropy slime-producing 1 L sake. Seventeen L sake strains originating in spoiled vacuum-packaged meat products and representing different slime production capabilities were characterised using rep-PCR.
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L. sake ATCC 15521
T was used as a reference strain. The details of the phenotypic and genetic characteristics previously observed by using inoculated pack studies, ribotyping, RAPD and PFGE are presented in Table 1 . Maintenance and culturing of 8 9 10 L. sake strains were performed as described previously (Björkroth and Korkeala, 1996) . The cultures were grown overnight in 10 ml MRS broth (Oxoid, Basingstoke, UK) at 30 o C. Cells were harvested from 1 to 1.5 ml by centrifuging for 2 min at full speed (about 15 000 x g) in a Biofuge A bench centrifuge (Heraeus Sephatec GmbH, Osterode am Kalkberg, Germany) to provide a 15 mg pellet (wet weight). Chromosomal DNA was isolated according to the method by Pitcher et al. (1989) , with modifications described by Björkroth and Korkeala (1996) .
Rep-PCR analysis was performed according to the method of Versalovic et al. (1991) , with minor modifications and carefully observing factors affecting reproducibility (Tyler et al., 1997) . Ready-To-Go PCR Beads™ (Pharmacia Biotech, Uppsala, Sweden) were used for PCR reactions. Two opposing degenerate primers REP1R-Dt (5'-IIINCGNCGNCATCNGGC-3') (N=A, T, C or G; I=iosine) and REP2R-Dt (5'-NCGNCTTATCNGGCCTAC-3') and two single oligonucleotide primers BOXA1R (5'-CTACGGCAAGGCGACGCTGACG-3') and RW3A (5'-TCGCTCAAAACAACGACACC-3') were evaluated using different annealing temperatures in amplifications with respect their applicability in L. sake genotyping. The aforementioned primers were selected for evaluation because they had been successfully used for typing other gram-positive bacteria (Jordens et al., 1995; Koeuth et al., 1995; Jersek et al., 1996; Cotter et al., 1997; Malamathum et al., 1998) . All primers were synthesised by Pharmacia Biotech (Vantaa, Finland). (Amresco, Solon, OH, USA) at 80 V for 5 h. Gels were stained for 1 h in 1.0 l of distilled water containing 0.5 mg of ethidium bromide, destained for 1 h in distilled water and photographed using standard procedures (Sambrook et al., 1989) . DNA molecular weight markers II and VI (Boehringer Mannheim GmbH, Mannheim, Germany) were used as a fragment size marker. The reproducibility of the method was verified by repeating all amplifications from two isolates of the same strain a minimum of two times. Additionally, amplifications from the same isolate were repeated twice. The banding patterns were analysed visually. Strains were classified as different subtypes if a difference in the size of two or more fragments was observed. Faint bands were included in the fingerprint only if they were detected reproducibly from two isolates of the same strain.
Results
Primer RW3A produced 1-15 fragments of size 500-5500 bp and generated five different banding patterns among the 18 strains characterised. Its discriminatory power was equal to the ribotyping. REPprimers generated 5-13 fragments of size 200-4500 bp and faint bands were frequently observed. Primer BOXA1R generated 5-17 fragments of size 1000-9500 bp (Fig. 1) . Both the REP -primer pair and the primer BOXA1R produced six different banding patterns. However, their discriminatory power differed between certain Ribogroup I strains (Table 1) . Neither of the primers distinguished the slime-producing strains within group I from non-slime-producers. The best discrimination was achieved by combining the results of the primers BOXA1R and REP1R&2R-Dt, which yielded seven different subtypes (Table 1 ). The combined results divided the Ribogroup I strains in three different subtypes, but still the slime-producers were not distinguished from non-slime-producers. Reproducibility of the banding patterns by the primers RW3A and BOXA1R was excellent and that of the REP primer pair of moderate level. 
Discussion
In the present study, two single oligonucleotide primers and one primer pair, all based on interspersed repetitive sequences, were evaluated for their ability to genotype a well characterised set of L. sake strains. To the authors' knowledge, this was the first attempt to characterise lactobacilli using rep-PCR. The discriminatory power of the individual primers tested was only of moderate level. When the results of two primers (BOXA1R and REP1R&2R-Dt) were combined, the level of discrimination was approximately equal to the RAPD analysis, but still inferior to PFGE (Björkroth et al., 1996) . However, when the results of the two PCR-based methods, rep-PCR and RAPD, were combined, the resulting subtypes agreed reasonably well with the subtypes generated by PFGE (Table 1) . Only the four non-slime-producing strains in ribogroup I (9, 10, 11, 12) were missclassified to belong to the same subtype (I) with the two strains possessing weak slime production capacity (7, 8). using DNA probe hybridisation. Based on the reasonably low discriminating capacity of the primers BOXA1R and RW3A, the sequences in question may be present in rather low numbers.
2
The results of the present study suggest that adequate level of discrimination among L. sake strains can be achieved by using the combination of rep-PCR and RAPD analysis. The problems in reproducibility can be overcome for the most part by the parallel analysis of two isolates from each strain when primers with lower reproducibility are used. As compared to time-consuming and laborious PFGE, the definite advantages of PCR-based typing methods are the rapid and easy performance and fairly inexpensive cost. Therefore, they are particularly suitable for large-scale analyses, such as contamination studies in manufacturing plants.
The number of strains requiring PFGE analysis can be substantially decreased, when only a small subset of isolates will require further discrimination. 1, 2, 3 , 4, 7, 8, 9, 11, 12, 13 
